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PROCESS FOR PRODUCING HIGH-PURITY OXYGENIC COMPOUND AND LUBRICATING OIL 



(57) A process for efficiently producing a high purity 
compound having oxygen which has a high volume spe- 
cific resistance and a lubricating oil comprising the high 
purity compound having oxygen are provided. . 

The process for producing a high purity compound 
having oxygen selected from a group consisting of high 
purity polyvinyl ether compounds, high purity poly- 
alkylene glycol compounds, high purity polyol ester 
compounds, high purity cyclic polyether compounds 
and high purity carbonate compounds comprises a step 



of treating with an adsorbent at least one crude com- 
pound having oxygen selected from a group consisting 
of crude polyvinyl ether compounds, crude polyalkylene 
glycol compounds, crude polyol ester compounds, 
crude cyclic polyether compounds and crude carbonate 
compounds. The lubricating oil comprises the high pu- 
rity compound having oxygen obtained in accordance 
with this process. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a process for producing a high purity compound having oxygen such as a 
high purity polyvinyl ether compound and a lubricating oil comprising the high purity compound having oxygen obtained 
in accordance with this process. More particularly, the present invention relates to a process for efficiently producing 
a high purity compound having oxygen which has a high volume specific resistance and is advantageously used as a 
component of a lubricating oil for refrigerators by an adsorption treatment, and a lubricating oil, in particular, a lubricating 

10 oil for refrigerators which comprises the high purity compound having oxygen obtained in accordance with this process 
and has an improved volume specific resistance. 

BACKGROUND ART 

is [0002] In general, compression-type refrigerators are constituted with a compressor, a condenser, an expansion 
valve and an evaporator and has a structure in which a mixed fluid of a refrigerant and a lubricating oil is circulated in 
a closed system. In the compression-type refrigerator, in general, temperature is as high as 50°C or higher in the 
compressor and as low as about -40°C in the refrigerating chamber although the conditions may be different depending 
on the type of the apparatus and it is required, in general, that the refrigerant and the lubricating oil be circulated in 
. 20 the system without causing a phase separation in the temperature range of -40 to 50°C. If the phase separation takes 
place during the operation of a refrigerator, the life and the efficiency of the apparatus are adversely affected to a great 
extent. For example, if the phase separation of the refrigerant and the lubricating oil takes place in the compressor, 
lubrication of moving parts deteriorates and seizure occurs to cause a great decrease in the life of the apparatus. If 
the phase separation takes places in the evaporator, the efficiency of heat exchange decreases because of the pres- 

25 ence of a lubricating oil of high viscosity. 

[0003] Since the lubricating oil for refrigerators is used for the purpose of lubricating moving parts in refrigerators, 
the lubricating property is naturally important. In particular, since the temperature in the compressor becomes high, 
the viscosity which can maintain the oil film necessary for the lubrication is important. The required viscosity is different 
depending on the type of the compressor used and working conditions and, in general, it is preferable that the viscosity 

30 (the kinematic viscosity) of the lubricating oil before mixing with a refrigerant is 5 to 1 ,000 mm 2 /sec at 40°C. When the 
viscosity is lower than this range, the oil film becomes thin and the lubrication tends to become insufficient. When the 
viscosity is higher than this range, the efficiency of heat exchange decreases. 

[0004] As the refrigerant for compression-type refrigerators, mainly dichlorodrfluoromethane(fron 12) has heretofore 
been used. As the lubricating oil, various types of mineral oils and synthetic oils satisfying the required properties 

35 described above have been used. However, chlorofluorocarbons (CFC) including dichlorodifluoromethane are more 
rigorously restricted world-wide because there is the possibility of causing environmental pollution such as the ozon- 
osphere destruction. Due to this reason, hydrofluorocarbons (HFC) and hydrochlorofluorocarbons (HCFC) which are 
fluorocarbons having hydrogen has been attracting attention as the novel types of refrigerant. The fiuorocarbons having 
hydrogen, in particular, hydrofluorocarbons (HFC) such as fron134a (1,1 ,1 ,2-tetrafluoroethane) as a typical example 

40 are preferable as the refrigerant for compression-type refrigerators since these hydrofluorocarbons have little possibility 
of causing the ozbnosphere destruction and can be used in place of dichlorodifluoromethane with a little change in the 
structure of conventional refrigerators. Refrigerants prepared by mixing more than one HFC are also attracting attention 
from the standpoint of the efficiency of refrigeration. Other refrigerants having a small coefficient of atmospheric warm- 
ing such as a carbon dioxide, hydrocarbons, ether and ammonia are also attracting attention from the standpoint of 

<5 the global warming of the atmosphere. 

[0005] When a fluorocarbon having hydrogen such as fron134a or a carbon dioxide is used as the refrigerant for a 
compression-type refrigerator in place of fron 12, a lubricating oil having excellent compatibility with the fluorocarbons 
having hydrogen such as fron134a or a carbon dioxide and excellent lubricating properties satisfying the above re- 
quirements are naturally required. However, since conventional lubricating oils used in combination with fron 12 do not 

50 have sufficient compatibility with fluorocarbons having hydrogen such as tron134a Or a carbon dioxide, a novel lubri- 
cating oil suitable for these compounds is required. In this case, no change in the structure of the apparatus is desired 
when the novel lubricating oil is used in place of fron12. Therefore, it is not desirable that the structures of the currently 
used apparatuses must be changed to a great extent by replacing a lubricant. 

[0006] As the lubricating oil for compression-type refrigerators using a hydrofluorocarbon as the, refrigerant, for ex- 
55 ample, the use of a polyvinyl ether compound which is a compound having oxygen has been proposed (Japanese 
Patent Application Laid-Open Nos. Heisei 6(1994)-234815 and Heisei 9(1997)-272886). 

[0007] In electric refrigerators and air conditioners, a motor and a compressor are integrally formed as a single 
member and an excellent electric insulating property is required for a lubricating oil used for them. However, it occa- 
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sionally occurs that a compound having oxygen such as a polyvinyl ether compound is contaminated with polar sub- 
stances or metal components during the process of production thereof and the volume specific resistance is decreased. 
As the method for increasing the decreased volume specific resistance, a treatment such as washing with an alkali or 
water is known. However, the effect of the washing is not always sufficient. Therefore, development of a novel treatment 
process for increasing the volume specific resistance of the compound having oxygen such as a polyvinyl ether com- 
pound has been desired. 

DISCLOSURE OF THE INVENTION 

[0008] Under the above circumstances, the present invention has an object of providing a process for efficiently 
producing a high purity compound having oxygen which has a high volume specific resistance and a lubricating oil, in 
particular, a lubricating oil for refrigerators which comprises the high purity compound having oxygen obtained in ac- 
cordance with this process and has an improved volume specific resistance. 

[0009] As the result of extensive studies by the present inventors to achieve the above object, it was found that a 
high purity compound having oxygen which has a great volume specific resistance could be obtained by treating the 
compound having oxygen with an adsorbent, and in particular that a high purity polyvinyl ether compound having a 
volume specific resistance of 10 1 * Q-cm or greater at 30°C could be obtained, by treating a crude polyvinyl ether 
compound having a specific constituting unit as the main component with an adsorbent, and that a lubricating oil 
comprising this compound and having an improved volume specific resistance could be advantageously used especially 
for refrigerators. The present invention has been completed based on this knowledge. 

[0010] The present invention provides a process for producing a high purity compound having oxygen selected from 
a group consisting of high, purity polyvinyl ether compounds, high purity polyalkylene glycol compounds, high purity 
polyol ester compounds, high purity cyclic polyether compounds and high purity carbonate compounds, comprising a 
step of treating with an adsorbent at least one crude compound having oxygen selected from a group consisting of 
crude polyvinyl ether compounds, crude polyalkylene glycol compounds, crude polyol ester compounds, crude cyclic 
polyether compounds and crude carbonate compounds. 
[0011] The present invention also provides, as aspects thereof : 

(1) A process for producing a high purity compound having oxygen which comprises a step of treating with an 
adsorbent a crude polyvinyl ether compound, for example, a crude polyvinyl ether compound comprising a com- 
pound having a constituting unit represented by general formula (I): 



— -4c c) ••-(!) 

I I ,2 

H 0(^0) m R 2 

wherein R 1 represents a divalent hydrocarbon group having 1 to 10 carbon atoms which may be branched, R 2 
represents a monovalent hydrocarbon group having 1 to 20 carbon atoms which may be branched, m represents 
numbers giving an average value in a range of 0 to 10, R 1 0*s may represent the same group or different groups 
when more than one R 1 0 are present, and R^.R 2 and m may be the same with or different from each other among 
constituting units (the high purity compound having oxygen which Is obtained in accordance with the present aspect 
of the process wil) be referred to as high purity compound having oxygen I, hereinafter.); 

(2) A process for producing a high purity, compound having oxygen which comprises a step of treating with an 
adsorbent a crude polyalkylene glycol compound, a crude polyol ester compound, a crude cyclic polyether com- 
pound or a crude carbonate compound (the high purity compound having oxygen which is obtained in accordance 
with the present aspect of the process will be referred to as high purity compound having oxygen II, hereinafter.); 

(3) A lubricating oil comprising the high purity polyvinyl ether compound obtained in accordance with the process 
described in the above (1 ) (the lubricating oil of the present aspect will be referred to as lubricating oil I, hereinafter); 
and 

(4) A lubricating oil comprising at least one high purity compound having oxygen selected from a group consisting 
of high purity polyalkylene glycol compounds, high purity polyol ester compounds, high purity cyclic polyether 
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compounds and high purity carbonate compounds which are obtained in accordance with the process described 
In the above (2) (the lubricating oil of the present aspect will be referred to as lubricating oil II, hereinafter). 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

5 

[0012] In the process for producing high purity compound having oxygen I of the present invention, a crude polyvinyl 
ether compound is purified by the treatment with an adsorbent. It is preferable that the crude polyvinyl ether compound 
comprises a compound having a constituting unit represented by the following general formula (I): 

w 

_(C_C>- •••«) 
H 0(^0) .R a 

20 [0013] In the above general formula (I), R 1 represents a divalent hydrocarbon group having 1 to 10 carbon atoms 
which may be branched. Examples of the hydrocarbon group represented by R 1 include linear, branched and cyclic 
hydrocarbon groups. Specific examples of the hydrocarbon group represented by R 1 include a methylene group, an 
ethylene group, a trimethylene group, a methylethylene group, a tetramethylene group, a 1 ,1-dimethyfethylene group, 
a 1 ,2-dtmethylethylene group, a pentylene group, a hexylene group, a heptylene group, an octylene group, a nonylene 

25 group, a decylene group, a cyclopentylene group, a cyclohexylene group and a phenylene group. Among these groups, 
alkylene groups having 2 or 3 carbon atoms are preferable. In general formula (I), m represents number of repetition 
of the unit represented by R 1 0. The average value of the numbers represented by m is in the range of 0 to 10 and 
preferably in the range of 0 to 5. When more than one R*0 are present, R 1 0's may represent the same group or 
different groups. 

30 [0014] R 2 represents a monovalent hydrocarbon group having 1 to 20 carbon atoms which may be branched. Ex- 
amples of the hydrocarbon group represented by R 2 include linear, branched and cyclic hydrocarbon groups. Specific 
examples of the hydrocarbon group represented by R 2 include aikyl groups such as a methyl group, an ethyl group, a 
n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, various 
types of pentyl group, various types of hexyl group, various types of heptyl group, various types of octyl group, various 

35 types of decyl group and various types of dodecyl group; and cycloalkyl groups such as a cyclopentyl group, a cyclohexyl 
group, various types of methylcyclohexyl group, various types of ethylcyclohexyl group and various types of dimethyl- 
cyclohexyl group. 

[0015] The groups represented by R 1 , R 2 and m may be the. same with or different from each otheramong constituting 
units. In other words, one or more types of constituting units represented by general formula (I) may be comprised. 
40 [0016] The crude polyvinyl ether compound used in the present invention can be produced by homopoiymerization 
or copolymerization of the corresponding vinyl ether monomers. In other words, the crude polyvinyl ether compound 
can be produced by polymerization of one or more types of vinyl ether monomer represented by general formula (II): 



1 1 



c = C • • - (II) 

r h 

50 h oatkojt 2 



wherein R 1 . R 2 and m are as defined above. 

[0017] Examples of the vinyl ether monomer represented by general formula (II) include vinyl methyl ether, vinyl 
ethyl ether, vinyl n-propyl ether, vinyl isopropyl ether, vinyl n : butyl ether, vinyl isobutyl ether, vinyl sec-butyl ether, vinyl 
tert-butyl ether, vinyl n-pentyl ether, vinyl n-hexyl ether, vinyl 2-methoxyethyl ether, vinyl 2-ethoxyethyl ether, vinyl 
2-methoxy~i -methyiethyl ether, vinyl 2-methoxy-2-methytethyl ether, vinyl 3,6-dioxaheptyl ether, vinyl 3,6,9-trioxadecyl 
ether, vinyl 1 ,4-dimethyl-3,6-d!oxaheptyl ether, vinyl 1 AZ-trimethyl-S.e^-trioxadecyl ether and vinyl 4-methoxyphenyl 
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ether. These vinyl ether monomers can be produced in accordance with conventional processes. 
[001 8] The above vinyl ether monomers may be polymerized in accordance with a conventional process such as the 
radical polymerization, the cat ionic polymerization or the irradiation polymerization described in the first edition of 
"Gosei Kobunshi (Synthetic Polymers) III" edited by Shunsuke Murahasi, Minoru Imoto and Hisaya Tani, published by 
5 Asakura Shoten, June 15, 1971 . A polymer having a desired viscosity can be obtained when the vinyl ether monomer 
is polymerized in accordance with the process described in the following. 

[0019] For the initiation of the polymerization, a combination of a Bransted acid, a Lewis acid or an organometallic 
compound and an alcohol, water, a phenol, an acetal or an addition product of a vinyl ether and a carboxylic acid can 
be used. Examples of the Bransted acid include hydrofluoric acid, hydrochloric acid, hydrobromic acid, hydroiod'rc acid,' 

io nitric acid, sulfuric acid, trichloroacetic acid and trifluoroacetic acid. Examples of the Lewis acid include boron trifluoride, 
. aluminum trichloride, aluminum tribromide, tin tetrachloride, zinc dichloride and iron(lll) chloride. Among the Lewis 
acids, boron trifluoride and complexes thereof are preferable. Examples of the organ dmetal He compound include di- 
ethylaluminum chloride, ethylaluminum dichloride and diethylzinc. The amount of the Bransted acid, the Lewis acid or 
the organometallic compound is not particularly limited. It is preferable that the Bransted acid, the Lewis acid or the 

15 organometallic compound is used in an amount of 0.001 to 10% by weight based on the amount of the vinyl ether 
monomer. 

[0020] As water, the alcohol, the- phenol, the acetal or the addition product of a vinyl ether and a carboxylic acid 
which is used In combination with the Bransted acid, the Lewis acid or the organometallic compound, any compound 
can be selected. The amount of the above compound is not particularly limited. It is preferable that the above compound 

20 is used in an amount of 0.01 to 50% by weight based on the amount of the vinyl ether monomer 

[0021] The end of the polymer at which the polymerization has been initiated has the following structure depending 
on the compound used. When water, the alcohol or the phenol is used, hydrogen is attached. When the acetal is used, 
a group formed by removing one alkoxyl group from the used acetal is attached. When the addition product of a vinyl 
ether and a carboxylic acid is used, a group formed by removing an alkylcarbonyloxyl group derived from the portion 

25 of the carboxylic acid from the addition product of a vinyl ether and a carboxylic acid is attached. The end of the. polymer 
at which the polymerization has been terminated has the following structure depending on the compound used. When 
water, the alcohol, the phenol or the acetal is used, the end of the polymer has a structure of an acetal, an olefin or an 
aldehyde. When the addition product of a vinyl ether and a carboxylic acid is used, the end of the polymer has a 
structure of a carboxylic add ester of a hemiacetal. An aldehyde is obtained by hydrolysis of the carboxylic acid ester 

30 of a hemiacetal in the presence of an acid. 

[0022] The polymerization of the vinyl ether monomer represented by general formula (II) can be initiated, in general, 
at a temperature in the range of -80 to 150°C and can be conducted preferably in the range of 0 to 100°C although 
the temperature is different depending on the type of the materials and the initiator. The polymerization is completed 
in about 10 seconds to 10 hours after the initiation of the polymerization. 

35 [0023] As for the adjustment of the molecular weight in the polymerization, a polymer having a lower molecular weight 
can be obtained by increasing the amount of the alcohol, water, the phenol, the acetal or the addition product of a vinyl 
ether and a carboxylic acid based on the amount of the vinyl ether monomer represented by general formula (II). A 
polymer having a lower molecular weight can also be obtained by increasing the amount of the Bransted acid or the 
Lewis acid. Viscosity of the polymer can be adjusted by the adjustment of the molecular weighL 

40 [0024] The polymerization can be conducted in the absence of solvents or in the presence of a solvent inert under 
the polymerization condition. The type of the solvent is not particularly limited. Examples of the solvent include hydro- 
carbon solvents such as hexane, benzene, toluene and isooctane; and ether solvents such as diethyl ether, 1 ,2-dimeth- 
oxyethane arid tetrahydrofuran. The polymerization can be terminated by addition of an alkali. 
[0025] Since, in general, unsaturated bonds and acetals and/or aldehydes are present in the product obtained by 

45 the polymerization, it is preferable that these structures are converted into saturated bonds and ethers in accordance 
with a conventional process. For example, a crude polyvinyl ether compound can be obtained by reacting the acetal 
and the like with hydrogen at 70 to 200°C in the presence of nickel and an oxide of silicon, aluminum, magnesium, 
titanium or zirconium such as nickel diatomaceous earth in accordance with the process described in W096/33154 or 
the like. 

so [0026] The crude polyvinyl ether compound obtained as described above has a weight-average molecular weight in. 
the range of 1 50 to 3,000 and preferably in the range of 200 to 2,000. 

[0027] The crude polyvinyl ether compound means a compound comprising the polyvinyl ether compound and im- 
purities such as metal compounds and polar substances and has a volume specific resistance smaller than 10 14 n>cm 
at 30°C. 

55 [0028] In the present invention, the crude polyvinyl ether compound is treated with an adsorbent. As the adsorbent 
used for this treatment, for example, an oxide of at least one metal selected from aluminum, iron, titanium, silicon, tin 
and the like, a clay mineral, activated carbon, an ion exchange resin or the like is preferably used. Among these 
adsorbents, activated carbon, silica-alumina, activated clay, bentonite, zeolite and activated alumina are more prefer- 
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able from the standpoint of the effect. The adsorbent may be used singly or in combination of two or more. 
[0029] In the treatment with the adsorbent, the crude polyvinyl ether compound may be brought into contact withthe 
adsorbent in an amount in the range of about 0.1 to 25% by weight and preferably in the range of 0.5 to 1 0% by weight 
based on the amount of the crude polyvinyl ether compound at a temperature, in general, in the range of 0 to 100°C 
and preferably in the range of 10 to 70°C. For bringing the crude polyvinyl ether compound into contact with the ad- 
sorbent, the crude polyvinyl compound may be passed through a column packed with the adsorbent or a batch process 
may be used. If necessary, the treatment may be conducted in the presence of a solvent As the solvent, a non-polar 
solvent is preferable. Examples of the non-polar solvent include hydrocarbons such as hexane, cyclohexane, heptane, 
octane, isononane, toluene and xylene. The amount of the solvent is not particularly limited. It is preferable that the 
solvent is used in an amount of 1 to 30 parts by weight per 1 part by weight of the crude polyvinyl ether compound. 
[0030] The time of the adsorption treatment varies depending on the temperature of the treatment, the absence or 
the presence of the solvent, the type and the amount of the adsorbent and the like and cannot be generally decided. 
The time of the adsorption treatment is, in general, in the range of 10 minutes to 1 0 hours and preferably in the range 
of 30 minutes to 5 hours. If necessary, the adsorption treatment can be conducted under an atmosphere of an inert 
gas such as nitrogen, . argon or helium, 

[0031 ] A high purity polyvinyl ether compound having a great volume specific resistance of 1 0 14 Q-cm or greater at 
30°C, namely a high electric insulating property can be obtained by the above treatment with the adsorbent. 
[0032] On the other hand, in the process for producing high purity compound having oxygen 1 1 of the present invention, 
a crude polyalkylene glycol compound, a crude polyol. ester compound, a crude cyclic pofyether compound or a crude 
carbonate compound is purified by the treatment with the adsorbent. 

[0033] The crude polyalkylene glycol compound, the crude polyol ester compound, the crude cyclic pofyether com- 
pound and the crude carbonate compound mean compounds comprising a polyalkylene glycol compound, a polyol 
ester compound, a cyclic polyether compound and a carbonate compound, respectively, and impurities such as metal 
compounds and polar substances and have volume specific resistances smaller than 10 12 Q-cm at 30°C. 
[0034] A high purity polyalkylene glycol compound, a high purity polyol ester compound, a high purity cyclic polyether 
compound and a high purity carbonate compound which have volume specific resistances of 10 12 ft-cm or greater at 
30° C can be obtained by treating the crude polyalkylene glycol compound, the crude polyol ester compound, the crude 
cyclic polyether compound and the crude carbonate compound, respectively, with the adsorbent. 
[0035] In the above process, the type of the adsorbent and the process for the treatment with the adsorbent are the 
same as those described for the process for producing high purity compound having oxygen I described above.. 
[0036] Lubricating oil I of the present invention comprises the high purity polyvinyl ether compound obtained by the 
treatment described above as the main component. Lubricating oil II of the present invention comprises at least one 
high purity compound having oxygen selected from the high purity polyalkylene glycol compounds, the high purity 
polyol ester compounds, the high purity cyclic polyether compounds and the high purity carbonate compounds obtained 
by the treatment described above as the main component. Lubricating oil I and lubricating oil II are, in particular, 
advantageous as the lubricating oil used for refrigerators. 

[00371 Examples of the polyalkylene glycol compound include compounds represented by the following general for- 
mula: 



40 



wherein R 3 represents an alcohol residue having 1 to 6 carbon atoms, R 4 represents an alkylene group having 2 to 4 
carbon atoms, R 5 represents a hydrogen atom, an alkyl group having 1 to 1 0 carbon atoms or an acyl group, n repre- 
sents a number of 1 to 80 and p represents a number of 1 to 6. 

[0038] Examples of the polyol ester compound include esters of dihydric to tetrahydric alcohols such as neopentyl 
glycol, trimethylolpropane, trimethylolethane and pentaerythritol with linear and branched carboxylic acids having 2 to 
1 8 carbon atoms. 

[0039] Examples of the cyclic polyether compound include derivatives obtained by addition of alkylene oxides to 
polyhydric ether alcohols, which are represented by the following general formula: 
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wherein R 6 represents a hydrogen atom or a linear or branched alky) group having 1 to 21 carbon atoms, R 7 represents 
a branched alky I group having 3 to 21 carbon atoms when R 6 represents a hydrogen atom and a linear or branched 
alky I group having 1 to 21 carbon atoms when R 6 represents a linear or branched alkyl group having 1 to 21. carbon 
atoms, R 6 and R 7 may form an alkylene group having 2 to 13 carbon atoms in combination. R 6 and R 7 may be the 
same with or different from each other among constituting units, R 8 represents a hydrogen atom or a linear or branched 
alkyl group having 1 to 8 carbon atoms, X represents a linear or branched alkylene group having 2 to 4 carbon atoms, 
kg represents a number of 0 to 4, n 2 represents a number of 0 to 3, p 2 represents a number of 0 to 2, m 2 represents 
0 or 1 , k 2 , m 2 , p 2 and n 2 satisfy the relation: k 2 +(m 2 +2)p 2 +n 2 =4, a2 and b 2 each represent a number of 0 to 20, ag, b 2 , 
kg, m 2 and p 2 satisfy the relation: 0<a 2 k 2 +b 2 m 2 p 2 ^20, and units of a polyoxyalkyleneoxymethylene group in a number 
of kg, units of an alkyloxy methylene group in a number of n 2 and units of a cyclic acetal group (an acetal group or a 
ketal group) in a number of p 2 may have a random arrangement or a block arrangement; 

And also, examples of the cyclic polyether compound include cyclic acetals represented by the following general for- 
mula: 



30 



35 




,10 



40 



50 



55 



wherein R 9 represents a hydrogen atom, a methyl group or a linear or branched alkyl group having 2 to 21 carbon 
atoms and R 10 represents a linear or branched alkyl group having 3 to 21 carbon atoms when R 9 represents a hydrogen 
atom or a methyl group, and R 10 represents a linear or branched alkyl group having 2 to 21 carbon atoms when R 9 
represents a linear or branched alkyl group having 2 to 21 carbon atoms; and 
cyclic acetals represented by the following general formula: 



R 11 R 
\ / 

I I 

CH 2 CH 



12 



o- C -o 
I I 

Ctt CH 



12 



R 11 R 



12 



? 



•CH- 



-CH 2 



wherein R 11 and R 12 each represent a hydrogen atom or a linear or branched alkyl group having 1 to 21 carbon atoms 
excluding the case in which R 11 and R 12 both represent a hydrogen atom. 
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[0040] Examples of the carbonate compound include compounds represented by the following general formula: 



R 13 —(or 14 oc o — £r 15 o )t-R 16 

10 . 

wherein R 13 and R 16 each represent a monovalent hydrocarbon group having 1 to 20 carbon atoms, R 14 and R 15 each 
represent an alkylene group having 1 to 10 carbon atoms and r and s each represent an integer of 1 to 100; and 
compounds having a constituting unit represented by the following general formula: 

15 



20 




wherein R 17 and R 18 each represent a hydrogen atom, an alkyl group having 1 to 6 carbon atoms, an aryl group having 
6 to 10 carbon atoms, an arylalkyl group having 7 to 10 carbon atoms or an alkoxyalkyl group having 2 to 6 carbon 
atoms, u represents an integer of 2 to 1 0 and t represents an integer of 1 to 100. 

30 [0041] When high purity compound having oxygen I or high purity compound having oxygen II is used for a refriger- 
ator, it is preferable that the kinematic viscosity of a lubricating oil before being mixed with a refrigerant is In the range 
of 5 to 1 ,000 mm 2 /second and more preferably in the range of 5 to 200 mrr^/second at 40 o C. When the polymer has 
a kinematic viscosity outside of the above range, the kinematic viscosity can be adjusted within the above range by 
mixing it with another polymer having a suitable kinematic viscosity. 

35 [0042] As the refrigerant, hydrofluorocarbons (HFC) which have a small possibility of causing ozonosphere destruc- 
tion are preferably used. Refrigerants obtained by mixing more than one HFC to improve the efficiency of refrigeration 
are preferable. From the standpoint of the global warming of the atmosphere, a carbon dioxide, hydrocarbons, ether 
and ammonia having a smaller coefficient of atmospheric warming can also be used advantageously. 
[0043] In lubricating oil I of the present invention, the high purity polyvinyl ether compound described above can be 

40 used singly or in combination of two or more and can also be used in combination with other lubricating oils. 

[0044] In lubricating oil II of the present invention, a single compound selected from the high purity poryalkylene 
glycol compounds, the high purity polyol ester compounds, the high purity cyclic polyether compounds and the high 
purity carbonate compounds described above may be used or a combination of two or more compounds suitably 
selected from the above compounds may be used. The above compounds can also be used in combination with other 

45 lubricating oils such as mineral oils, alkyibenzenes and poly-a-olefins. 

[0045] To lubricating oil I and lubricating oil tl of the present invention, various types of other additives used in the 
conventional lubricating oils such as load carrying additives, chlorine capturing agents, antioxidants, metal deactivators, 
defoaming agents, detergent-dispersants, viscosity-index improvers, oiliness agents, anti-wear addith/es, extreme 
pressure agents, antirust agents, corrosion inhibitors, pour point depressants may be added; if necessary. 

so [0046] The present invention will be described more specifically with reference to examples in the following. However, 
the present invention is not limited by the examples. 

Preparation Example of Catalyst 1 

55 [0047] Into a 2 liter autoclave made of SUS-316L, 12 g of a nickel diatomaceous earth catalyst (manufactured by 
NIKKI KAGAKU Co., Ltd.; the trade name: N113) and 300 g of isooctane were placed. After the autoclave was purged 
with nitrogen and then with hydrogen, the pressure of hydrogen was adjusted to 30 kg/cm 2 G and the temperature of 
the mixture was elevated. The.mixture was kept at 140°C for 30 minutes and then cooled to the room temperature. 
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After the autoclave was purged with nitrogen, 20 g of acetatdehyde diethylacetal was added into the autoclave. After 
the autoclave was purged with nitrogen and then with hydrogen, the pressure of hydrogen was adjusted to 30 kg/cm^G 
and the temperature of the mixture was elevated. The mixture was kept at 130°C for 30 minutes and then cooled to 
the room temperature. The pressure in the autoclave increased by the elevation of the temperature and a decrease in 
5 the pressure of hydrogen was also observed due to the reaction of acetatdehyde diethylacetal. When the pressure of 
hydrogen decreased to a pressure lower than 30 kg/crrAS, hydrogen was added and the pressure was kept at 30 kg/ 
cm 2 G. After the mixture was cooled to the room temperature, the autoclave was depressurized and was purged with 
nitrogen. . 

10 Example 1 

(1) Preparation of a crude polyvinyl ether compound 

[0048] Into a 1 liter glass separable flask, 148.2 g of toluene, 27.38 g (5.94 x 10" 1 moles) of ethanol, 4.90 g (6.6 X 
is 10~ 2 moles) of isobutanol and 0.260 g of boron triffuoride diethyl etherate were placed. To the obtained mixture, a 
mixture of 465.83 g (6.460 moles) of ethyl vinyl ether and 71.89 g (7.18 x 10" 1 moles) of isobutyl vinyl ether was added 
over 5 hours. Since the reaction was exothermic, the flask was cooled in an ice water bath and the temperature of the 
reaction liquid was kept at 25° C. 

[0049] Then, the reaction liquid was transferred to a 2 liter washing tank and washed twice with 200 ml of a 3% by 
20 weight aqueous solution of sodium hydroxide and three times with 200 ml of distilled water. The solvent and light 
fractions were removed from the washed reaction liquid under a reduced pressure using a rotary evaporator and 550.0 
g of a crude product was obtained. 

[0050] An autoclave containing a catalyst prepared in accordance with the same procedures as those described in 
Preparation Example of Catalyst 1 was opened and a liquid layer in the autoclave was removed by decantation. Into 

25 the autoclave, 400 g of the crude product obtained above was placed. After the autoclave was purged with nitrogen 
and then with hydrogen, the pressure of hydrogen was adjusted to 30 kg/crr^G and the, temperature of the mixture 
was elevated. The mixture was kept at 1 40°C for 2 hours and then cooled to the room temperature. The pressure in 
. the autoclave increased by the etevation of the temperature and a decrease in the pressure of hydrogen was also 
observed due to the progress of the reaction. When the pressure of hydrogen decreased, hydrogen was suitably added 

30 and the pressure in the autoclave was kept at 30 kg/cm 2 G. 

[0051] After the autoclave was purged with nitrogen, it was depressurized and the reaction liquid was recovered. To 
the recovered mixture, 100 g of isooctane was added and the catalyst was removed from the resultant mixture by 
filtration. The solvent and light fractions were removed from the obtained filtrate by treating under a reduced pressure 
using a rotary evaporator. The yield of a crude polyvinyl ether compound was 362 g. 

35 [0052] The crude polyvinyl ether compound thus obtained had constituting units expressed by the following formulae 
(l-a) and (l-b) in amounts.such that the ratio by mole (l-a)/(l-b) was 9/1 , a kinematic viscosity of 68.86 mm 2 /second at 
40°C, a kinematic viscosity of 8.26 mm 2 /second at 100 9 C and a volume specific resistance of 3.26 x 10 13 n-cmat30°C. 



40 




• • (I-a) 



45 



H 



0CH 2 CH 3 



50 




• - • (I-b) 



55 



H 



0CH 2 CH(CH 3 ) 2 



[0053] The results of the NMR analysis and the IR analysis showed that one polymer end had structure (A) or structure 
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(D) and the other polymer end had either one of structure (B) and structure (E) as the major structures or structure (C) 
as a minor structure in an amount of 5% by weight or less. 



10 
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35 (2) Purification of the crude polyvinyl ether compound 

[0054] The crude polyvinyl ether compound obtained in (1) described above in an amount of 150 g was dissolved 
into 300 g of isononane and the resultant solution was heated to 50°C. To the solution, 4.5 g of silica-alumina HA 
(manufactured by SHOKUBAI KASEI KOGYO Co., Ltd.)- was added while the solution was stirred and the obtained 
mixture was heated at 50°C under stirring for 1 hour under an atmosphere of nitrogen. 

[0055] The silica-alumina was removed by filtration using a membrane filter and the solvent was removed from the 
resultant mother liquor using a rotary evaporator. 

[0056] The purified polyvinyl ether compound obtained as described above had a volume specific resistance of 1 .87 
x 10 15 n-cmat30°C. 

[0057] The volume specific resistance was measured in accordance with the following method. 



40 



.45 



<Measurement of the volume specific resistance> 

[0058] After a sample was dried at 1 00°C for 1 hour under a reduced pressure (0.3 to 0.8 mmHg), the sample was 
50 placed into a liquid cell for the measurement of the volume specific resistance placed in a thermostatted tank kept at 
30°C and sealed. After the sample was kept in the thermostatted tank kept at 30°C for 40 minutes, the volume specific 
resistance was measured by a high ultra insulation meter R8340 manufactured by ADVANTEST Co., Ltd. at an applied 
voltage of 250 V. 

55 Example 2 

[0059] A crude polyvinyl ether compound having constituting units expressed by formulae (l-a) and (l-b) in amounts 
such that the ratio by mole (l-a)/(l-b) was 9/1 and a volume specif ic resistance of 1 .30 x 1 0 13 n-cm at 30 Q C which was 
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prepared in accordance with the same procedures as those conducted in Example 1(1) in an amount of 150 g was 
dissolved into 300 g of isononane. To the resultant solution, 4.5 g of silica-alumina HA (manufactured by SHOKUBAI 
KASEI KOGYO Co., ttd.) was added while the solution was stirred and the obtained mixture was stirred at 15°C for 1 
hour under an atmosphere of nitrogen. 
5 [0060] The silica-alumina was removed by filtration using a membrane filter and the solvent was removed from the 
resultant mother liquor using a rotary evaporator. 

[0061 J The purified polyvinyl ether compound obtained as described above had a volume specific resistance of 8.33 
x 10 14 n-cmat30°a 

10 Example 3 

[0062] The same procedures as those conducted in Example 1 were conducted except that hexane was used in 
place of isononane. The results are shown in Table 1 . 

15 Example 4 

[0063] The same procedures as those conducted in Example 1 were conducted except that toluene was used in 
. place of isononane. The results are shown in Table 1 . 

20 Examples 

[0064] A crude polyvinyl ether compound having constituting units expressed by formulae (l-a) and (l-b) in amounts 
such that the ratio by mole (i-a)/(l-b) was 9/1 and a volume specific resistance of 1.1 0x1 0 1 2 Q-cm at30°C which was 
prepared in accordance with the same procedures as those conducted in Example 1 (1) in an amount of 150 g was 
25 dissolved into 150 g of toluene. To the resultant solution, 1.5 g of silica-alumina HA (manufactured by SHOKUBAI 
KASEI KOGYO Co., Ltd.) was added while the solution was stirred and the obtained mixture was stirred at 15*C for 1 
hour under an atmosphere of nitrogen. 

[0065] The silica-alumina was removed by filtration using a membrane filter and the solvent was removed from the 
resultant mother liquor using a rotary evaporator. 
30 [0066] The purified polyvinyl ether compound obtained as described above had a volume specific resistance of 
1 .57x101* ft-cm at30°C. 

Example 6 ' . 

35 [0067] A crude polyvinyl ether compound having constituting units expressed by formulae (l-a) and (l-b) in amounts 
such that the ratio by mole (l-a)/(l-b) was 9/1 and a volume specific resistance of 1 .65 x 1 0 12 fl-cm at 30°C which was 
prepared in accordance with the same procedures as those conducted in Example 1 (1) in an amount of 150 g was 
heated to 50°C in the absence of solvents. To the heated compound, 4.5 g of silica-alumina HA (manufactured by 
SHOKUBAI KASEI KOGYO Co., Ltd.) was added while the compound was stirred and the obtained mixture was heated 

40 at 50°C under stirring for 1 hour under an atmosphere of nitrogen. 

[0068] The silica-alumina was removed by filtration using a membrane filter. 

[0069] The purified polyvinyl ether compound obtained as described above had a volume specific resistance of 
3.33x10 14 i2<:mat30 o C; 

45 Example 7 to 12 ' 

[0070] The same procedures as those conducted in Example 1 were conducted except that adsorbents shown in 
Table 1 -1 were used in place of silica-alumina HA- The results are shown in Table 1-2. 

50 Example 13 

(1) Preparation of a crude polyvinyl ether compound 

[0071] Into a 1 liter glass separable flask, 125 g of isooctane, 59.42 g (8.02 x 10' 1 moles) of isobutanol and 0.316 
55 g of boron trifluoride diethyl etherate were placed. To the obtained mixture, a mixture of 438.58 g (6.082 moles) of ethyl 
vinyl ether and 71.99 g (7.19 x 10* 1 moles) of isobutyl vinyl ether was added over 5 hours. Since the reaction was 
exothermic, the flask was cooled in an ice water bath and the temperature of the reaction liquid was kept at 45°C. 
[0072] Then, the reaction liquid was transferred to a 2 liter washing tank and washed twice with 200 ml of a 3% by 
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weight aqueous solution of sodium hydroxide and three times with 200 ml of distilled water. The solvent and light 
fractions were removed from the washed reaction liquid under a reduced pressure using a rotary evaporator and 534.1 
g of a crude product was obtained. 

[0073] An autoclave containing a catalyst prepared in accordance with the same procedures as those described in 
5 Preparation Example of Catalyst 1 was opened and a liquid layer in the autoclave was removed by decantation. Into 
the autoclave, 400 g of the crude product obtained above was placed. After the autoclave was purged with nitrogen 
and then with hydrogen, the pressure of hydrogen was adjusted at 30 kg/crr^G and the temperature of the mixture 
was elevated. The mixture was kept at 140°C for 2 hours and then cooled to the room temperature. The pressure in 
the autoclave increased by the elevation of the temperature and a decrease in the pressure of hydrogen was also 
io observed due to the progress of the reaction. When the pressure of hydrogen decreased, hydrogen was suitably added 
and the pressure in the autoclave was kept at 30 kg/cm^. . 

[0074] After the autoclave was purged with nitrogen, it was depressurized and the reaction liquid was recovered. To 
. the recovered reaction liquid, 100 g of isooctane was added and the catalyst was removed from the resultant mixture 

by filtration. The solvent and light fractions were removed from the obtained filtrate by treating under a reduced pressure 
is using a rotary evaporator. The yield of a crude polyvinyl ether compound was 359 g. 

[0075] The crude polyvinyl ether compound thus obtained had constituting units expressed by formulae (l-a) and (I- 

b) in amounts such that the ratio by mole (l-a)/(l-b) was 8/2, a kinematic viscosity of 32.54 mnr^/second at 40°C, a 

kinematic viscosity of 5.14 mrr^/second at 100°C and a volume specific resistance of 1 .32 x 10 13 Q-cm at 30°C. 

[0076] The results of the NMR analysis and the IR analysis showed that one polymer end had structure (A) or structure 
20 (O) and the other polymer end had either one of structure (B) and structure (E) as the major structures or structure (C) 

as a minor structure in an amount of 5% by weight or less. 

(2) Purification of the crude polyvinyl ether compound 

25 [0077] The crude polyvinyl ether compound obtained in (1) described above was purified in accordance with the 
same procedures as those conducted in Example 1 (2). 

[0078] The purified polyvinyl ether compound obtained as described above had a volume specific resistance of 1 .28 
x 10 14 Q.cmat30°C. 

30 Example 1 4. 

(1) Preparation of a crude polyvinyl ether compound 

[0079] Into a 1 liter glass separable flask, 125 g of toluene, 60.65 g (8.1 8x 10' 1 moles) of isobutanol and 0.322 g of 
35 boron trifluoride diethyl etherate were placed. To the obtained mixture, a mixture of 370.66 g (5.140 moles) of ethyl 
vinyl ether and 1 38.70 g (1 .385 moles) of isobutyl vinyl ether was added over 5 hours. Since the reaction was exother- 
mic, the flask was cooled in an ice water bath and the temperature of the reaction liquid was kept at 45°C. 
[0080] Then, the reaction liquid was transferred to a 2 liter washing tank and washed twice with 200 ml of a 3% by 
weight aqueous solution of sodium hydroxide and three times with 200 ml of distilled water. The solvent and light 
40 fractions were removed from the washed reaction liquid under a reduced pressure using a rotary evaporator and 528.4 
g of a crude product was obtained. 

[0081] An autoclave containing a catalyst prepared in accordance with the same procedures as those described in 
Preparation Example of Catalyst 1 was opened and a liquid layer in the autoclave was removed by decantation. Into 
the autoclave, 400 g of the crude product obtained above was placed. After the autoclave was purged with nitrogen 

45 and then with hydrogen, the pressure of hydrogen was adjusted at 30 kg/crr^G and the temperature of the mixture 
was elevated. The mixture was kept at 140°C for 2 hours and then cooled to the room temperature. The pressure in 
the autoclave increased by the elevation of the temperature and a decrease in the pressure of hydrogen was also 
observed due to the progress of the reaction. When the pressure of hydrogen decreased, hydrogen was suitably added 
and the pressure in the autoclave was kept at 30 kg/crr^G. 

50 [0082] After the autoclave was purged with nitrogen, it was depressurized and the reaction liquid was recovered and 
100 g of isooctane was added to the recovered reaction liquid. The catalyst was removed from the reaction liquid by 
filtration. The obtained filtrate was treated under a reduced pressure using a rotary evaporator and the solvent and 
light fractions were removed. The yield of a crude polyvinyl ether compound was 358 g. 

[0083] The crude polyvinyl ether compound thus obtained had constituting units expressed by formulae (l-a) and (I- 
55 b) in amounts such that the ratio by mole (l-a)/(l-b) was 7/3, a kinematic viscosity of 29.65 mrr^/second at 40°C, a 
kinematic viscosity of 4.77 mnr^/second at 1 00°C and a volume specific resistance of 5.60 X 10 14 Qcm at 30°C. 
[0084] The results of the NMR analysis and the IR analysis showed that one polymer end had structure (A) or structure 
(D) and the other polymer end had either one of structure (B) and structure (E) as the major structures or structure (C) 
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as a minor structure in an amount of 5% by weight or less. 

(2) Purification of the crude polyvinyl ether compound 

5 [0085] The crude polyvinyl ether compound obtained in (1) described above was purified in accordance with the 
same procedures as those conducted in Example 1 (2). 

[0086] The purified polyvinyl ether compound obtained as described above had a volume specific resistance of 2.46 
x 10 15 n<^nat30°C. 

10 Example 16 

(1 ) Preparation of a crude polyvinyl ether compound 

[0087] Into a 1 ,000 ml glass flask equipped with a dropping funnel, a condenser and a stirrer, 200 g of toluene, 42.6 
15 g of acetaldehyde dimethoxy ethyl acetal and 0.90 g of boron trif luoride diethyl etherate were placed. Into the dropping 

funnel, 224 g of methoxyethyl vinyl ether was placed and it was added dropwise into the flask over 50 minutes. Since 

the reaction was exothermic, the flask was cooled in. an ice water bath and the temperature of the reaction liquid was 
• kept at about 25°C. After the addition was completed, the resultant, mixture was stirred for 5 minutes. The reaction 

mixture was transferred to a washing tank and 400 ml of chloroform was added. The resultant mixture was washed 
20 three times with 200 ml of a 5% by weight aqueous solution of sodium hydroxide and three times with 300 ml of water. 

The solvent and unreacted materials were removed from the washed mixture under a reduced pressure using a rotary 

evaporator and 258 g of a crude product was obtained. The obtained crude product had a kinematic viscosity, of 33.3 

mrr^/second at 40° C. * 

[0088] Into a 2 liter autoclave made of SUS-316L, 220 g of the crude product, 600 g of hexane, 11.0 g of Raney 

25 nickei and 11.0 g of zeolite were placed. Hydrogen was introduced into the autoclave and the pressure of hydrogen 
was adjusted to 20 kg/cm 2 . After the content in the autoclave was stirred for about 30 seconds, the autoclave wias 
depressurized. Hydrogen was introduced into the autoclave again and the pressure of hydrogen was adjusted to 20 
kg/cm 2 . After the content in the autoclave was stirred for about 30 seconds, the autoclave was depressurized. After 
this procedure was repeated once again, the temperature was raised to 130°C over 30 minutes while the pressure of 

30. hydrogen was kept at 50 kg/cm 2 and the reaction was allowed to proceed at 13p°C for 2 hours. During and after the 
elevation of the temperature, the reaction proceeded and a decrease in the pressure of hydrogen was observed. The 
reaction was allowed to proceed while the pressure of hydrogen was kept at 60 kg/cm 2 by suitably compensating the 
increase in the pressure due to the elevation of the temperature and the decrease in the pressure due to. the reaction. 
After the reaction was completed, the mixture was cooled to the room temperature and the pressure was lowered to 

35 the ordinary pressure. The catalyst was precipitated by leaving the reaction mixture standing for 1 hour and the reaction 
liquid was separated by decantation. The catalyst was washed twice with 60 ml of hexane and the liquid obtained by 
washing was combined with the reaction liquid. The combined liquid was filtered with a filter paper. Hexane was removed 
from the liquid using a rotary evaporator under a reduced pressure. After 400 ml of chloroform was added to the 
obtained product, the resultant mixture was transferred to a washing tank and washed three times with 200 ml of a 5% 

fo by weight aqueous solution of sodium hydroxide and five times with 300 ml of distilled water. The solvent, water and 
the like were removed from the washed liquid under a reduced pressure using a rotary evaporator. The yield of a crude 
polyvinyl ether compound was 188 g. 

[0089] The obtained crude polyvinyl ether compound had a constituting unit expressed by the following formula (l-c): 



50 



f ? 



"(c- C ) • • • (I-c) 

H OCH2CH2OCH3 



a kinematic viscosity of 30.4 mrr^/second at 40°C, a kinematic viscosity of 6.29 mm 2 /second at 100°C and a volume 
specific resistance of 2.50x1 0 12 Q-cm at 30°C. 
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(2) Purification of the crude polyvinyl ether compound 



[0090] The crude polyvinyl ether compound obtained in (1) described above was purified in accordance with the 
same procedures as those conducted in Example 1 (2). 

[0091 J The purified polyvinyl ether compound obtained as described above had a volume specific resistance of 1 .50 
x 10^n-cmat30°C. 

[0092] The results of Examples 1 to 15 are shown together in Table 1 . 

Table 1-1 



10 




Polyvinyl ether compound 


Adsorbent 


constituting units 


ratio of amounts by mole 




Example 1 


(l-ay(l-b) 


9/1 


silica-alumina HA 


15 


Example 2 


0-a)/(l-b) 


9/1 


silica-alumina HA 


Example 3 


(l-ay(l-b) 


9/1 


silica-alumina HA 




Example 4 


(l-a)/(l-b) 


9/1 


silica-alumina HA 




Example 5 


(l-aW-b) 


9/1 


silica-alumina HA 




Example 6 


(l-a)/(l-b) 


9/1 


silica-alumina HA 


20 


Example 7 


(l-a)/(l-b) 


9/1. 


silica-alumina LA 




Example 8 


(l-ay(l-b) 


• 9/1 


activated clay 




Example 9 


(I-a)/(l-b) 


9/1 


Ca-type bentonite 




Example 10 


(l-ay(l-b) 


9/1 


activated carbon A 




Example 1 1 


(l-a)/(l : b) . 


9/1 


activated carbon B 


25 


Example 12 


(l-a)/(l-b) 


9/1 


activated carbon C 




Example 13 


(l-a)/(l-t>) 


8/2 


silica-alumina HA 




Example 14 


<l-a)/(l-b) . 


7/3 


silica-alumina HA 




Example 15 


<«<) 




silica-alumina HA 



35 



40 



Notes: 

Silica-alumina HA, LA: manufactured by SHOKUBAI KASEI KOGYO Co., 
Activated clay: manufactured by MIZUSAWA KAGAKU KOGYO Co., Ltd.; 
Ca-type bentonite: manufactured by KUNIMINE KOGYO Co., Ltd.; "KB" 
Activated carbon B: manufactured by NIPPON NOR IT; "CA1" 
Activated carbon B: manufactured by NIPPON NOR IT; "SA Plus- 
Activated carbon C: manufactured by NIPPON NOR IT; "S-51" 
The amount of the adsorbent: 1% by weight in Example 5 and 3% by weight 
of the polyvinyl ether compound 

The amount of the solvent: 1 part by weight in Example 5 and 2 parts by 
weight of the polyvinyl ether compound 



Ltd. 

"GAREON EARTH NS" 



in other Examples, based on the amount 
weight in other Examples per 1 part by 



Table 1 - 2 



45 



50 





Conditions of adsorption 


Volume specific resistance at 30°C (Hem) 


solvent 


temperature (°C) 


before adsorption 


after adsorption 


Example 1 


isononane 


50 


3.26X1013 


1.87X10 15 


Example 2 


isononane 


15 


1.30X10 13 


8.33X10 14 . 


Example 3 


hexane 


50 


3.26X10 13 


5.83X10 14 


Example 4 


toluene 


50 . 


3.26X10 13 


4.48X10 14 


Example 5 


toluene 


15 


1.10X10 12 


1.57X10 14 


Example 6 


none 


50 


1.65X10 12 


3.33X10 14 


Example 7 


isononane 


50 


3.26X10 13 


3.15X10 14 


Example 8 


isononane 


50 


3.26X10 13 


2.46X1 0 14 


Example 9 


isononane 


50 


3:26X10 13 


3.56X1 0 14 


Example 10 


isononane 


50 


3.26X1Q1 3 


2.40X1 0 14 
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Table 1 - 2 (continued) 





Conditions of adsorption 


Volume specific resistance at 30°.C (Q cm) 


solvent 


temperature (°C) 


before adsorption 


after adsorption 


Example 11 


isononane 


50 


3.26x1 0 13 


5.22X10 14 


Example 12 


isononane' 


50 


3.26X10 13 


5.60X1 0 14 


Example 1 3 


isononane 


50 


1.32X10 13 


1.28X10 14 


Example 14 


isononane 


50 


5.60X10 14 


2.46X10 15 


Example 15 


isononane 


50 


2.50X10 12 


1.50X10 14 



. Comparative Example 1 

[0093] A crude polyvinyl ether compound having constituting units expressed by formulae (l-a) and (l b) in amounts 
15 such that the ratio by mole (l-a)/(l-b) was 9/1 and a volume specific resistance of 1 .65 x 1 0 12 H em at 30°C which was 
prepared in accordance with the same procedures as those conducted in Example 1 (1) in an amount of 150 g was 
dissolved into 300 g of hexane. To the resultant solution, 1 50 g of a 3% by weight aqueous solution of sodium hydroxide 
was added. After the obtained mixture was vigorously stirred, the hexane layer was separated in a separation funnel. 
The separated hexane layer was washed three times with 1 00 g of pure water and then the solvent was removed using 
20 a rotary evaporator. 

[0094] The polyvinyl ether compound treated as described above had a volume specific resistance of 1 .80x 10 12 
Q-cm at 30° C. 

Example 1 6 (Purification of polypropylene glycol) 

25 

[0095] A commercial crude polypropylene glycol (the weight-average molecular weight: 950; the kinematic viscosity 
at 40°C: 38.45 mm 2 /second; the kinematic viscosity at 100°C: 9.15 mrr^/second) had a volume specific resistance of 
4.05X10 10 n-cm at 30 P C. 

[0096] The above crude polypropylene glycol in an amount of 150 g was dissolved into 300 g of isononane. Into the 
30 resultant solution, 4.5 g of silica-alumina HA (manufactured by SHOKUBAI KASEI KGGYO Co., Ltd.) was added while 
the solution was stirred and the obtained mixture was stirred at the room temperature for 1 hour under an atmosphere 
of nitrogen. 

[0097] The silica-alumina was removed by filtration using a membrane filter and the solvent was removed using a 
rotary evaporator. The purified polypropylene glycol obtained as described above had a volume specific resistance of 
35 2.15 x 10* 2 £2-cm at 30°C. 

INDUSTRIAL APPLICABILITY 

[0098] In accordance with the present invention, the high purity compound having oxygen such as the high purity 
40 polyvinyl ether compound which can be advantageously used as a component for lubricating oils, in particular, lubri- 
cating oils for refrigerators can be efficiently produced by the adsorption treatment. 

[0099] The Jubricating oil comprising the high purity compound having oxygen as the main component which is ob- 
tained in accordance with the above process can be advantageously used especially as a lubricating oil for compres- 
sion-type refrigerators using a hydrofluorocarbon as the refrigerant. 

45 

Claims 

1. A process for producing a high purity compound having oxygen selected from a group consisting of high purity 
so polyvinyl ether compounds, high purity polyaikylene glycol compounds, high purity polyol ester compounds, high 

purity cyclic polyether compounds and high purity carbonate compounds, comprising a step of treating with an 
adsorbent at least one crude compound having oxygen selected from a group consisting of crude polyvinyl ether 
compounds, crude polyaikylene glycol compounds, crude polyol ester compounds, crude cyclic polyether com- 
pounds and crude carbonate compounds. 

55 

2. The process according to Claim 1 , wherein the polyvinyl ether compound is a compound having a constituting unit 
represented by general formula (I): 



15 



# 
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4 c c }t — • • • (i) 



H OiR'O)** 2 

wherein R 1 represents a divalent hydrocarbon group having 1 to 10 carbon atoms which may be branched, R 2 
represents a monovalent hydrocarbon group Having 1 to 20 carbon atoms which may be branched, m represents 
numbers giving an average value in a range of 0 to 10, R 1 0's may represent the same group or different groups 
when more than one R 1 0 are present, and R 1 , R 2 and m may be the same with or different from each other among 
is constituting units. 

3. The process according to any one of Claims 1 and 2, wherein the adsorbent is an oxide of at least one metal 
selected from a group consisting of aluminum, iron, titanium, silicon and tin, a clay mineral, activated carbon or an 
Ion exchange resin. 
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4. The process according to any one of Claims 1 and 2, wherein the adsorbent is activated carbon, silica-alumina, 
activated clay, bentonite, zeolite or activated alumina. 

5. A lubricating oil which comprises a high purity polyvinyl ether compound obtained in accordance with the process 
25 described in any one of Claims 1 to 4. 

6. A lubricating oil which comprises at least one high purity compound having oxygen selected from a group consisting 
of high purity polyalkylene glycol compounds, high purity polyol ester compounds, high purity cyclic polyether 
compounds and high purity carbonate compounds which are obtained in accordance with the process described 

30 in any one of Claims 1 , 3 and 4. 

7. A lubricating oil which comprises a high purity polyvinyl ether compound which is obtained in accordance with the 
process described in any one of Claims 1 to 4 and has a volume specific resistance of 1 0 14 H em or greater at 30°C. 

35 8. A lubricating oil which comprises at least one high purity compound having oxygen selected from a group consisting 
of high purity polyalkylene glycol compounds, high purity polyol ester compounds and high purity carbonate com- . 
pounds which are obtained in accordance with the process described in any one of Claims 1, 3 and 4 and have 
volume specific resistances of 1 6 12 fi-cm or greater at 30°C. 

40 9. The lubricating oil according to any one of Claims 5 to 8 which is used for refrigerators. 

10. The process according to Claim 1 , wherein the step of treating at least one crude compound having oxygen with 
an adsorbent is a step of bringing at least one crude compound having oxygen into contact with the adsorbent. 

45 11. The process according to any one of Claims 1 to 4 and 10, wherein the crude polyvinyl ether compound has a 
volume specific resistance smaller than 10 14 fi-cm at 30°C and the high purity polyvinyl ether compound obtained 
after the treatment with a adsorbent has a volume specific resistance of 10 14 ft-cm or greater at 30°C. 

12. The process according to any one of Claims 1 to 4, 10 and 11 , wherein the crude polyvinyl ether compound has 
so a weight- average molecular weight in a range of 1 50 to 3,000. 
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